Finding realistic arm postures for synthetic actors is a complex and important problem in the field of human motion research. But an achievable method for creating them has not yet been proposed .
Introduction
Realistic arm motion has been the focus of an increasing number of studies in the last decade. Although the motion of the arm has been deeply investigated for many years, especially in the robotics literature, the need for its realistic motion has become urgent due to the emergence of synthetic-actors. In a virtual environment, synthetic-actors have to interact with many types of virtual-objects around them. The objects can have constant or varying shapes and sizes. Moreover, they can be stable or mobile. For such environments, it is necessary to have an algorithm for grasping realistically.
The problem of creating a realistic arm-posture can be divided into two main sub-problems. The first one is placing the hand over the grasped object, and the second one is finding the posture of the rest of the arm. Although the solutions of the problems are interdependent, the proposed algorithm solves the first problem by using a database of which data is obtained from the observations of real postures, and thus the posture of the rest of the arm does not need to be known while solving the first problem.
Finding the hand-posture
In order to create a realistic arm-motion, the problem of obtaining a realistic hand-posture over the grasped object must first be solved. Some methods have been proposed for natural looking human The method proposed by the authors solves the problem of realistic hand-posture generation in an efficient way'). A database is formed based on the observations, and the orientation of the hand for a given object is obtained after applying necessary rotations to the stored data. The position of the hand is calculated based on the size and shape of the object. Any object to be grasped is first approximated with a simple primitive; this idea was first introduced in the robotics literature . The use of octree data structure provides both classification of the reachable space and efficiency in data-storage.
In this paper, the term "posture"refers to both position and orientation together. The solution proposed in this paper is mainly based on an important observation. For any armposture, comfort levels of the joints are very close to each other unless it is necessary to strain one joint more than the others. In other words, the burden of the arm is distributed as equally as possible among its joints.
For that reason, a method minimizing only the total comfort level of the joints does not result in a realistic solution. Based on this important observation, the proposed algorithm has two main functions; the first one is related with total comfort level, and the other one is associated with the closeness of these levels to each other. For any object given in the reachable space, after fixing the position of the wrist on it, the arm-posture resulting in the maximum weighted sum of two functions is chosen as the solution.
In section 2, the method used to find the wrist position is explained. In section 3, definition of isocomfort regions is illustrated. In section 4, manipulation of these regions is explained in detail. Experimental results are given in section 5. Division of the reachable space by using an octree data structure is the first level classification. After determining the subvolumes of the octree, in each subvolume, the object can be at infinitely many orientations. These orientations are also classified by using a finite number of axes, which can be thought as the second level classification. The data is stored only along those axes. While applying the algorithm for a given object, if the object does not lie along the axes used for classification, the orientation of the hand is found using the data of the closest axis as explained in the next section. Similar to the first level classification, the number of axes can be increased according the level of the realism we need.
The octree is defined with respect to a coordinate system which is fixed to the body at an appropriate point between the shoulders.
Forming and using the database
The database is composed of two main parts. The For each primitive type and for each axis, the orientation of the hand is stored for its most comfortable situation. Two vectors are sufficient to represent a hand orientation, as shown in Figure 2 .
As an example, for a randomly selected subvolume, assume that ten axes have been used to classify the object-orientations. These axes are stored in the database by using ten vectors. Assuming that five primitive object types are defined (block, cylinder, cone etc.), for each axis and for each of the five primitive types, the most realistic hand orientation is stored in the database together with the orientation of the grasped object. For primitive types such as cone, the direction of the object should also be considered.
In our implementation, we have defined three primitive object types: cylinder, block and sphere. For each primitive type, forming and using the database is explained below in detail.
To determine the data of which subvolume is to be used to find the hand-posture for a given object, provided that it is in the reachable space, the subvolume or subvolumes containing the object are found.
Assuming that the object has almost homogeneous mass distribution and a reasonable size to be able to grasp with one hand, the data of the subvolume including the mass center of the object is used to find the hand-posture. While the mass center of the object is not in the reachable space, as a singularity, if some part of it is in the reachable space, this situation is handled specially.
A cylindrical object lies along an axis if it is parallel to the axis. In other words, if a line which is perpendicular to the circular faces of the cylindrical object is parallel to an axis, then the object lies along that axis. In Figure 4 , the object lies along the taxis. For a block, if an axis is perpendicular to one of its surfaces, then the object lies along that axis. A spherical object lies along an axis for all orientations of the object.
How to apply the method for a cylindrical object is explained with an example in Figure 4 . In that example, it is assumed that data is stored along three main axes, as shown in Figure 3 . For a cylindrical object, there is no need to use an additional vector to store the orientation of the cylinder at the moment of grasping, because the object lies along the axis.
For a given object which is approximated with a cylindrical primitive, the angles between the line passing through the object and main axes are calculated, and the data of the axis resulting in the minimum angle is used for later steps.
In Figure  4 , it is assumed that the minimum angle is a, and the data of y-axis is used. Namely, as shown in the figure.
Some hand-postures obtained for randomly selected object orientations are displayed in Figure 5 .
The results belong to the same subvolume of the octree, and the hand orientations shown in Figure 3 have been used as the stored data of that subvolume.
For a block, hand orientations are stored along the axes which are used for the second level classification. To store the orientation of the object at After fixing the positions of the shoulder and the wrist, the elbow can be anywhere on the circle depicted in Figure 6 . If the elbow is rotated around the axis connecting the wrist and the shoulder, the upper arm and the forearm also twist around their own axes, which is called "twist-motion" in the paper. Therefore, in addition to the spherical isocomfort regions defined for the shoulder and the wrist, we must also define iso-comfort regions for each of these twist-motions. Definition of these regions are different than those of spherical ones.
Twist-motion is expressed with the angle of rotation with respect to a reference plane. Therefore, iso-comfort regions for twist-motions are defined as angle-intervals. In our implementation the reference plane has been defined as XY plane.
To set the angle-intervals, first, the arm is placed onto the coordinate system in a proper manner so that the twist angles can be expressed with respect to the reference plane. After the determination of the prohibited-region, the remaining angleinterval is divided into sub-intervals starting from the most comfortable point.
Although the isocomfort regions for twist-motions are defined as angle-intervals, the main idea is the same as that of the spherical motions. To be able satisfy this constraint, the rotation axis must lie on a plane P which is equidistant from e and v. Consequently, the rotation axis is the intersection of YZ and P planes. That is, P is the set of all points p which satisfy
Substituting (x, y, z) for p in the equation, it expands to
Since the rotation axis lies on the YZ plane, After obtaining four comfort values, the interval that will give the most realistic results must be de- 
Implementation
Experimental results are shown in Figure 9 . Isocomfort regions have been defined quite roughly to simplify the implementation.
The images in the figure have been obtained for an arm grasping a block placed on the same position, but with different orientations.
The program has been implemented in the C language and by using the OpenGL graphics system on a Silicon Graphics Indy workstation.
Conclusion
A method for finding realistic arm-postures has been proposed. The posture of the hand is found by using the data obtained from the observations of real postures. Octree data structure has been used for both classification and efficiency in data storage.
As for the posture of the rest of the arm, a new concept, iso-comfort regions, and two functions manipulating these regions have been presented. The results are realistic, although they have been obtained by using roughly defined iso-comfort regions.
Much work needs to be done on the creation of realistic human-motion.
In the next step of our research, we will focus on the generation of realistic arm-motion by using iso-comfort regions. 
